ABSTRACT: The Death Valley area of eastern California and southern Nevada has been highly influential in the development of ideas about extreme crustal extension. One of the tightest constraints on Death Valley extension is apparently provided by clasts in inferred alluvial-fan deposits of the Eagle Mountain Formation (, and their source in the Hunter Mountain batholith, now located . 100 km from some of the deposits. Because alluvial fans are usually less than 10-20 km in radius, the remaining separation has been interpreted as tectonic. New research reported here suggests that the Eagle Mountain Formation at its type location was deposited in a fluvial-lacustrine setting, and provides no constraint on either the magnitude or the direction of tectonic transport and/or crustal extension. Confidence in palinspastic reconstruction thus depends on resolving ambiguities in the correlation of pre-extensional markers or on the recognition of demonstrably proximal facies tectonically distributed across the region.
INTRODUCTION
The central Basin and Range Province of eastern California and southern Nevada, U.S.A., has proven influential in the development of ideas about mechanisms of crustal extension, quantified in that region through palinspastic reconstruction (Snow and Wernicke 2000; McQuarrie and Wernicke 2005) . The premise of the palinspastic approach is that pre-extensional features such as isopachs, facies boundaries, thrust faults, folds, and paleoisothermal surfaces can be correlated and realigned to reveal the overall strain field. Such data have been assembled into what appears to be a particularly well constrained reconstruction across the Death Valley region of eastern California ( Fig. 1; e.g., Wernicke 1989, 2000) , purportedly one of the most highly extended parts of the Basin and Range (Snow and Wernicke 2000; Niemi et al. 2001; McQuarrie and Wernicke 2005) . Nonetheless, uncertainties remain in structural correlation, in the depiction of isopachs and facies transitions, and in the pre-extensional configuration of all markers. This has left room for a considerable range of estimates for the amount of extension, from , 30-50% at the very least (Wright and Troxel 1973) to , 400-500% at the most (e.g., Stewart 1983; Wernicke et al. 1988a; Snow and Wernicke 2000; McQuarrie and Wernicke 2005) . Specific correlations and alternative reconstructions have been the subject of vigorous debate (e.g., Stewart 1967 Stewart , 1983 Stewart , 1986 Troxel 1967, 1970; Stewart et al. 1968 Stewart et al. , 1970 Wright 1986a, 1986b; Corbett 1990; Stevens et al. 1991 Stevens et al. , 1992 Snow 1992a Snow , 1992b Snow and Wernicke 1993; Stone and Stevens 1993; Snow and Prave 1994; Serpa and Pavlis 1996; Miller and Friedman 1999; Czajkowski and Miller 2001; Czajkowski 2002; Miller 2003; Ç emen and Baucke 2005; Miller and Pavlis 2005; Stevens and Stone 2005 , and references therein).
The middle Miocene Eagle Mountain Formation appears to provide a set of piercing points that circumvents the uncertainties and thus constitutes ''some of the strongest direct evidence for major Tertiary displacements'' (Snow and Wernicke 2000, p. 662) . Inferred alluvial-fan conglomerate in this unit contains a distinctive clast assemblage that includes , 180 Ma leucomonzogabbro boulders (, 1 m) thought to have been derived from the Hunter Mountain batholith of the Cottonwood Mountains (CM in Figure 1 ), and to link the Eagle Mountain Formation with the compositionally comparable Entrance Narrows Member of the Navadu Formation at that location (Wernicke 1993; Snow and Lux 1999; Brady et al. 2000; Niemi et al. 2001; Niemi 2002) . Because the batholith is now located more than 100 km from some of the deposits, and because alluvial fans are usually less than 10-20 km in radius, Niemi et al. (2001) concluded that tectonic transport was responsible for the separation of clasts and source beyond that distance. The present paper tests the hypothesis that the Hunter Mountain clasts were deposited by rivers rather than at alluvial fans-an idea first suggested but not developed by Ç emen (1999) and by Wright et al. (1999) . Most of our data come from the type locality of the Eagle Mountain Formation at Eagle Mountain, California (EM in Figure 1 Niemi et al. 2001) . Labeled thrust faults are those used to constrain specific palinspastic reconstructions in the area of interest (Wernicke et al. 1988a, comparison. The Resting Spring Range outcrops, which are restricted to gullies and subject to structural complications, proved to be too limited to yield much independent information pertinent to the facies interpretation.
GEOLOGICAL SETTING
Cenozoic extension in the Death Valley region is only the most recent event in a protracted geological history. Crystalline basement rocks as old as 1.7 Ga are overlain discontinuously by the . 1.08 Ga to , 675 Ma Pahrump Group: up to , 3-4 km of clastic, carbonate, and minor volcanic rocks deposited at least partly in intracratonic rift basins (Burchfiel et al. 1992; Heaman and Grotzinger 1992; Wright and Prave 1993; Fanning and Link 2004) . Upper Neoproterozoic to lower Paleozoic clastic and carbonate rocks form a westward-thickening wedge (, 11 km) representing minor renewed rifting and the development of a passive continental margin (Stewart 1972; Wright et al. 1981; Wernicke et al. 1988a; Wernicke et al. 1998b; Levy and Christie-Blick 1991; . A regional angular unconformity of Late Devonian age marks the onset of convergent margin tectonics (e.g., Wernicke et al. 1988a; Burchfiel et al. 1992) . Crustal shortening and strike-slip tectonics continued intermittently in the Death Valley region from the Permian to the Cretaceous, and are expressed today by thrust faults, folds, and arc-related igneous rocks (e.g., Stevens and Stone 1988; Snow et al. 1991; Burchfiel et al. 1992; Snow 1992a) . Coeval sedimentary rocks are present only locally within the orogen (Jennings et al. 1962; Streitz and Stinson 1974) . Oligocene and younger sedimentary and volcanic deposits unconformably overlie rocks of Proterozoic to Permian age (Wright and Troxel 1984; Ç emen et al. 1985; Wernicke et al. 1988b; Holm and Wernicke 1990; Topping 1993; Snow and Lux 1999; Wright et al. 1999 , and mapping referenced therein; Snow and Wernicke 2000; Niemi et al. 2001; Miller and Prave 2002; Miller and Pavlis 2005) , at least in part as a result of exhumation, tilting, and dissection prior to the onset of Basin and Range extension (Miller and Pavlis 2005; cf. Stewart 1983) .
Large-scale, northwest-southeast extension responsible for the contemporary block-faulted topography began during the Neogene (Wernicke et al. 1988a; Burchfiel et al. 1992; Wernicke 1992; Snow and Wernicke 2000) . The palinspastic reconstruction described above suggests that extension was particularly great and is especially well constrained between the southern Cottonwood-northern Panamint Mountains and the Nopah Range (CM, PM, and NR in Figure 1 ). Structural restoration in that area is based on diverse markers offset across the Northern Death Valley-Furnace Creek fault zone (Fig. 1; McKee 1968; Stewart 1983; Wernicke 1989, 2000) and on correlation of the Panamint and Chicago Pass thrust faults (Wernicke et al. 1988a; Wernicke et al. 1988b; Wernicke et al. 1988c; Niemi et al. 2001; cf. Serpa and Pavlis 1996; Miller and Pavlis 2005) . Particular support for that correlation comes from the argument that the Hunter Mountain batholith (near the Panamint thrust fault) and the Eagle Mountain Formation (near the Chicago Pass thrust fault) were adjacent during middle Miocene time ( Fig. 1 ; Ç emen 1999; Brady et al. 2000; Niemi et al. 2001) . The correlation of the thrust faults implies , 92 km of offset, and the latter match suggests , 104 km of total translation (Wernicke 1993; Niemi et al. 2001) .
DESCRIPTION OF THE EAGLE MOUNTAIN FORMATION
The middle Miocene Eagle Mountain Formation (defined by Niemi et al. 2001 ) consists of as much as several hundred meters of sandstone, breccia, conglomerate, siltstone, carbonate, tephra, and diamictite (listed here from most to least abundant; Brady et al. 2000; Niemi et al. 2001) . The rocks crop out discontinuously in the vicinity of Furnace Creek Wash, at Eagle Mountain, and in the Chicago Valley on the east flank of the Resting Spring Range (FC, EM, and CV in Figure 1 ). They unconformably overlie the Cambrian Zabriskie Quartzite, the Carrara Formation (with some uncertainty), and the Bonanza King Formation (Troxel 1989; Brady et al. 2000; Niemi et al. 2001) . The age of the unit is best constrained by 40 Ar/ 39 Ar tephra dates of 15.0 Ma near the base of the section in the Resting Spring Range, as well as 13.4 and 11.6 Ma near the base and top of the section at Eagle Mountain (Brady et al. 2000; Niemi et al. 2001) . K-Ar analysis of an apparently younger (less tilted) ash-flow tuff at Resting Spring Pass yielded an age of 9.6 Ma (Troxel and Heydari 1982; Heydari 1986; Wright et al. 1991; Brady et al. 2000; Niemi et al. 2001 ). In the sections that follow, we refer primarily to the Eagle Mountain locality, where the rocks are best exposed.
The Eagle Mountain Formation at Eagle Mountain is , 400 m thick and unconformably overlies carbonate rocks of the Cambrian Bonanza King Formation. It consists of the following succession, divisible into four distinct intervals ( Fig. 5 parallel-and wavy-laminated, tabular-bedded siltstone and structureless diamictite, with minor sandstone and rare tephra (, 10 m, below surface C in Figure 5B ; tephra shown in Figure 3B ); 3.
abundantly cross-stratified and channelized sandstone and polymict conglomerate, with minor siltstone and carbonate (, 110 m, above surface C in Figure 5B ); and 4.
parallel-and wavy-laminated, tabular-bedded sandstone, siltstone, and minor carbonate and tephra, with sandstone most abundant at the top of the section (, 140 m, Fig. 5C ).
In the lowest three of these intervals (below surface K in Figure 5B ), the Eagle Mountain Formation thickens to the north-northeast, from , 75 m at section 8 to , 250 m at sections 13, 12, [1] [2] [3] 5) . This is accomplished primarily by onlap against the basal contact and by more general thickening in the third interval (Figs. 3B, 5) . No comparable thickening can be documented at other stratigraphic levels, although details of the uppermost 140 m above surface K are obscured by the presence of faults and incomplete outcrop.
A set of 180 tilt-corrected paleocurrent measurements indicates flow generally between southward and eastward, although with considerable dispersion. Paleocurrents vary from approximately southward or southeastward in the third interval (below surface K) to approximately eastward above it (Fig. 6B) . No systematic lateral variations emerge from the data. Tectonic tilt was removed by rotating each paleocurrent measurement manually on a stereonet, taking paleohorizontal from the attitudes of appropriate nearby beds (e.g., parallel-laminated siltstone or very fine-grained sandstone). For paleocurrents measured in beddingplane view, the precision of the tilt correction was refined slightly by recalculating it via spherical trigonometry.
Basal Unconformity
The prominent unconformity underlying the Eagle Mountain Formation (surface A in Figures 3 and 5 ) displays at least , 110-140 m of erosional relief, the estimated maximum thickness of the basal breccia and sandstone unit. Uncertainty in this estimate derives from measuring and correlating sections 13, 12, and 1 on a dip slope; from minor stratigraphic repetition between sections 1 and 2 (fault e in Figure 3B) ; and from the covered interval between sections 2 and 3. Miller and Prave Figure 3B for locations of sections. Columns are correlated using physical stratigraphic surfaces, with surfaces K, M, and P as well as sandstone and tuffaceous beds in sections 1, 12, and 13 selected as datums. Surface C was also used as datum to determine the vertical distance between sections 2 and 3. Dashed lines indicate uncertainty in correlation. Erosional relief depicted on surface J in sections 7 and 8 is schematic; the surface cuts up and down section at several places. Erosional contact on surface B in section 3 corresponds with the base of a lacustrine turbidite sandstone. Approximate distances between sections are given in meters at specific stratigraphic levels. Fault contacts without gaps represent an unknown amount of missing section, with the exception of fault d in section 4. Thicknesses of sections omitted or repeated by faults are determined by correlation of datums, except for the stratigraphy repeated in section 4 and omitted in section 11, which is based on field estimates of stratigraphic separation on faults d, h, and i. Other gaps in sections represent cover, and are inferred to be mostly siltstone. The grain size depicted represents average grain size for siltstone and sandstone beds, and average size of granule-size or larger clasts in the case of conglomerate and breccia beds (Wentworth scale). Some of the breccia and conglomerate includes abundant sandstone interbeds that are too thin to depict individually; those interbeds are shown schematically as fewer thicker units that still accurately convey the relative abundances of sandstone and breccia/conglomerate. To distinguish these schematic interbeds from actual measured sandstone beds, the schematic beds are shaded with the same fill as the surrounding conglomerate or breccia. Units thin enough that their lithology-coded fills may not be clear in the figure include the following: ash at , 40 m in section 12; carbonate beds just below surface E in section 7 and surfaces C, D, E, and H in section 8; carbonate beds at , 315 and , 320 m in section 4, , 325 and , 340 m in section 10, , 290 m in section 11, and , 70 m in section 12; very fine-grained sandstone , 85 and , 100 m in section 1; and conglomerate beds in section 3 just above surface D and above the additional surface traced to section 5 between surfaces C and D.
(2002) showed that correlative strata near Furnace Creek Wash were similarly ''deposited on a paleotopography that had several tens to many tens of meters of relief'' (p. 848).
Although the orientation of the unconformity at Eagle Mountain cannot be measured directly in available outcrop, a paleotopographic slope dipping approximately either north-northeast or west-northwest is compatible with the stratigraphic thickening of the breccia-sandstone unit (Figs. 3B, 5A). Paleocurrent indicators in that unit are too scarce to rule out either orientation. In both cases, the implied mean paleogradient is , 20u. That is sufficiently steep to account for local derivation of the breccia by mass wasting. The paleogradient is also consistent with the gradients of both modern and ancient bedrock valley walls (e.g., ChristieBlick et al. 1990; Hartshorn et al. 2002; Kale and Hire 2004; Schlunegger and Schneider 2005) . The possibility that the basal relief of the Eagle Mountain Formation represents one wall of a paleovalley is illustrated conceptually in Figure 7 . Details of the larger-scale paleotopography cannot be determined. Of the two hypothesized paleoslope directions, north-northeast is inconsistent with the presence of Cambrian carbonate rocks stratigraphically beneath thin Eagle Mountain breccia in the vicinity of section 2 (Fig. 3B ). Therefore, a west-northwestward slope is regarded as more likely.
While erosional topography is sufficient to account for the local derivation and disorganized character of the basal breccia, we cannot exclude a role also for mass wasting from fault-related topography. In that case, the breccia may indicate proximity to a fault (to the westnorthwest) and not only the mantling of erosional relief. No such fault or evidence for concomitant stratigraphic growth is preserved today, and after 11.6 Ma, the Eagle Mountain Formation was evidently tilted in the opposite direction (to the east-southeast).
Cambrian bedding in the vicinity of the basal contact is estimated to have dipped , 17-18u southeastward immediately prior to Miocene sedimentation. This figure was calculated via a simple tilt correction using the Stereonet program of R.W. Allmendinger (http://www.geo.cornell. edu/geology/faculty/RWA/maintext.html). Breccia and sandstone in the lower part of the Eagle Mountain Formation are thought not to have experienced much differential compaction. Given that deposition was contemporaneous with the earliest phase of middle Miocene extension, we infer that the discordance between Cambrian and Miocene strata is due principally to late Paleozoic to Mesozoic compressional deformation. Paleozoic rocks as young as Mississippian and Pennsylvanian are present in the nearby Funeral and Nopah Ranges, respectively (Burchfiel et al. 1982; Ç emen et al. 1985) . So the depositional contact between the Eagle Mountain Formation and rocks as old as Cambrian, observed at each of its exposures, is also consistent with the development of marked erosional relief within the late Paleozoic to Mesozoic orogen.
Facies
Seven characteristic facies are found at Eagle Mountain: breccia and associated sandstone, conglomerate, cross-stratified sandstone, finegrained sandstone and siltstone, diamictite, carbonate, and ash. Their distribution is illustrated in Figure 8 , with the exception of the breccia and associated sandstone facies, which is found only in the lower part of the succession ( The breccia and associated sandstone consists of a mixture of angular to very angular Bonanza King carbonate pebbles and cobbles (with rare boulders) and coarse-to very fine-grained, poorly sorted siliciclastic sandstone (Fig. 9A ). Carbonate-rich siltstone granules and pebbles are concentrated in isolated sandstone intervals a few centimeters thick. The breccia is coarsest and most abundant at the base of the section, with clast abundance as high as , 80% in sections 12 and 13 and , 30-50% in sections 1 and 2. Otherwise, no systematic grain-size trends are observed. Much of the facies is diffusely wavy-to parallel-stratified, but well developed cross-stratification is found in both breccia (Fig. 9B) and sandstone (Fig. 9C) . Beds are centimeters to tens of centimeters thick, and locally channelized. Paleocurrent data are sparse and of uncertain significance. Geometrical reasoning suggests that paleoflow was predominantly towards the south-southwest along a hypothesized bedrock valley (Fig. 7) , approximately parallel to the tilt-corrected strike of basal topography. The sense of flow is not constrained by such reasoning but is inferred by comparison with paleocurrent data from within the Eagle Mountain succession.
The conglomerate facies is characterized mainly by rounded pebbles and both framework-and matrix-support varieties. Sandstone interbeds are present in places (Fig. 9E) . The facies is increasingly abundant, clastrich, and coarse upsection; the uppermost unit (above surface J in Figure 10 ) is framework-supported and cobble-dominated, with rare boulders. At a smaller scale, conglomerate is associated with sandstone and siltstone facies in a systematic pattern of upward-fining units between surfaces C and K (Fig. 5B) . Clast compositions include (in order of abundance) Bonanza King carbonate; quartzite of various colors; intraformational sandstone, siltstone, and carbonate; white marble; carbonate bearing crinoids, fusulinids, and corals, as well as dark dolomite that smells oily when freshly fractured; Hunter Mountain leucomonzogabbro; and metamorphosed igneous rocks. The Hunter Mountain clasts are extremely well rounded, even as boulders. The facies is typically channelized, and parallel-stratified to disorganized; some is cross-stratified. Beds are typically centimeters to tens of centimeters thick, and as much as several meters thick in amalgamated beds above the level of surface J. Tilt-corrected paleoflow was predominantly to the southeast, as indicated by channels (the most abundant paleocurrent indicator), scours, and grooves, as well as cross-stratification in associated sandstone (Fig. 6) . The trend of exhumed erosional relief at surface J between sections 5 and 7 (Figs. 4, 10) is best estimated as 179u (laser range finder data), subparallel to the inferred paleostrike of the basal unconformity.
The cross-stratified sandstone facies is very coarse-to fine-grained, mainly moderately to poorly sorted, and granular or pebbly in places. It is typically channelized, and associated with conglomerate, fine-grained sandstone, and siltstone in systematic fining-upward units between surfaces C and K. Trough cross-strata are generally at angle of repose and centimeters to several tens of centimeters thick (Fig. 9D) . They are the most common paleocurrent indicators, and they suggest that tiltcorrected paleoflow was predominantly to the southeast (Fig. 6) . Current ripples are consistent with this direction. Paleoflow is also documented to the southeast or northwest by channels and grooves, and to the southsouthwest by tabular cross-strata.
The siltstone and fine-grained sandstone facies is moderately to very well sorted, with rare granules and pebbles of carbonate-rich siltstone. Systematic grain-size trends are uncommon below surface C and above surface K, with the exception of upward fining in event layers. The facies is associated with diamictite and ash below surface C; with carbonate and ash above surface K; and with conglomerate, cross-stratified sandstone, and carbonate between surfaces C and K in a systematic pattern of finingupward units. Beds are commonly parallel-and wavy-laminated. Other structures include current ripples, low-angle truncations, cross-stratification, and rare wave or hybrid current-wave ripples and climbing ripples. Turbidites up to a few centimeters thick are present below surface C at section 3. Event layers a few tens of centimeters thick are also found, characterized by sharp bases (some with sole marks), normal grading, and upward transitions from parallel laminae to low-angle cross-laminae or current ripples (Fig. 9F ). Load structures, other evidence for softsediment deformation, and burrows are found both below surface C and above surface K, and less commonly between them. Fossils include a centimeters-long fish fossil (teleost) below surface C near section 5, as well as plants at a single locality between surfaces E and F near section 3. Tiltcorrected paleoflow is southward below surface C, and eastward with northeast-southwest wave motion above surface K. Specifically, paleoflow is shown to the east-southeast by current ripples (which provide most of the data), to the east by trough-cross-stratification, and to the south-southeast or north-northwest by scours, grooves, and parting lineation.
The diamictite facies is a disorganized mixture of a silt-dominated matrix and clasts of widely varying size. The term ''diamictite'' is used in its intended descriptive sense (Flint et al. 1960a (Flint et al. , 1960b , with no glacial connotations. Clasts present in variable proportions consist of poorly sorted intraformational siltstone, sandstone, and carbonate (granules to angular, . 1 m boulders), and extraformational types comparable to those in overlying conglomerate (pebbles). Clast abundance ranges from 5% to 45%, and winnowed lags locally cap the unit. The facies is associated with siltstone and fine-grained sandstone.
The carbonate facies is typically mudstone and includes both limestone and dolomite. It is silty to sandy in places and is associated with finegrained sandstone and siltstone. It has local silicified nodules and possible thrombolites above surface K. It is massive to laminated, and includes local tufa above surface K.
The ash facies is white to pale green, distinctively low-density, clay-to coarse-sand-size pyroclastic fall, some with calcite cement (Niemi et al. 2001 ; major oxide composition from the same paper is detailed in Geological Society of America Data Repository item 2001031, http:// www.geosociety.org/pubs/ft2001.htm). The material is unstratified to crudely parallel-stratified, and rarely diffusely cross-stratified. It forms lenses in the lower part of the succession. It is apparently more laterally continuous higher in the section but is rarely well exposed there.
In collecting the paleocurrent data summarized here and in Figure 6 , there is obviously a tradeoff between obtaining sufficient observations for statistical significance and measuring only those features for which orientation can be confidently interpreted. The best indicators are those measurable on either the tops or bases of beds (the traces of trough crossstratification, ripples, scours, and grooves). Measurements of channels, scours, and cross-stratification in cross section tend to bias results in favor of paleoflow directions parallel to the outcrop (south-southwest), even though measurements focused on relatively three-dimensional exposures. Otherwise, no clear-cut differences between indicators were found.
Stratigraphic Architecture
The Eagle Mountain Formation at Eagle Mountain is characterized by a series of mappable stratigraphic discontinuities. The most prominent, erosion surfaces C through J in Figures 3B, 4 , and 5B, are associated with abrupt upward coarsening from siltstone or carbonate to conglomerate and sandstone, and with local relief of up to several meters. The greatest relief is present at surface J (, 14 m; Fig. 10 ) and at surface C (, 15 m inferred in the vicinity of section 7; Fig. 5B ). Surfaces K and N are characterized by concordance and by abrupt upward fining (Fig. 5C) . Additional, generally less distinctive surfaces were mapped to refine correlations between measured sections (Figs. 3, 5) .
Lateral thickening towards the north-northeast between surfaces C and G (Figs. 3 , 5B) is thought to represent a combination of stratigraphic growth and relief on successive erosion surfaces. Thickness variations are recognized at several levels within that interval, and with reference to a distinctive diamictite marker (at horizon B in Figure 5B ). Any fault responsible for the inferred growth would have been located north of the present outcrop of the Eagle Mountain Formation, with an approximately east-southeast strike. That is approximately parallel to the Furnace Creek fault zone and transverse to the relief against which the lower part of the formation is inferred to have been deposited.
All of the coarse-grained facies between surfaces A and K display lenticularity at scales of tens of meters to a fraction of a meter. Channels are abundant between surfaces C and K, and are present locally in the basal breccia and sandstone (Figs. 5A, 9A ). An example of crosscutting relationships among erosional surfaces in cross-stratified sandstone is detailed in Figure 11 . In contrast, fine-grained facies tend to be both laterally continuous and tabular, exemplified by the sandstone and siltstone overlying surface K (Fig. 5C ) and the siltstone and minor sandstone immediately underlying surface C (Fig. 5B) .
Patterns of Grain-Size Variation
Systematic patterns of grain-size variation are observed primarily between surfaces C and K. Upward fining is present at the scale of beds, individual channels, and particularly the intervals between mapped erosion surfaces (Figs. 5B, 12) . It is expressed in the full range of lithology, from conglomerate to siltstone, as well as in matrix, clast size, clast abundance, and relative thickness of coarse and fine layers. Fining is commonly accompanied by improved sorting of matrix (assessed visually following Tucker 1996), thinning of beds, and a transition from trough cross-stratification to current ripples. At the largest scale, and as noted above, the succession coarsens upward from below surface C to surface K. Within that interval, conglomerate becomes more abundant, thickerbedded, more disorganized, and coarser-grained upwards.
PALEOENVIRONMENTAL INTERPRETATION
The evidence at hand indicates that the lower 60% of the Eagle Mountain Formation at Eagle Mountain (the portion below surface K) accumulated mainly in a fluvial or fluvially influenced setting rather than at an alluvial fan. That part of the succession specifically includes the interval known to contain Hunter Mountain batholith clasts, which for that reason is critical to the provenance argument supporting large-scale extension between Eagle Mountain and the Cottonwood Mountains. A braided fluvial interpretation for the interval between surfaces C and K is supported by the ubiquitous development of laterally persistent erosion surfaces, nested channels and trough cross-stratification, upward fining at the same range of scales, and the abundance of well-rounded clasts (e.g., Rust 1972; Smith 1974 Smith , 1990 Campbell 1976; Cant and Walker 1976; Cant 1978; Kraus 1984; Rust and Koster 1984; Miall 1985; Blair 1987b; Willis 1993; Blair and McPherson 1994a; Levy et al. 1994; Collinson 1996) . Siltstone and carbonate found immediately beneath surfaces D, E, and G to J represent intervals of reduced discharge, local channel tops, or perhaps short-lived lake development.
Paleocurrent data are generally consistent with data obtained by Wright et al. (1999) at the Furnace Creek Wash locality (FC in Figure 1) , and their scatter is largely attributable to the intrinsic spatial and temporal variability in a river system (e.g., Rust 1972; Willis 1993 ). This includes a combination of lateral and downstream accretion, as well as large-scale features (e.g., incised valleys and channels) representing Arrows represent best estimate of paleoflow at a given stratigraphic level in each section. Lateral distances between sections or between segments of individual sections (in meters, numbers in italics) are not to scale. Numbers below specific measurements indicate distance from nearest section in meters. Most arrows represent individual measurements, some of which are the best estimates from nearby measurements; other arrows represent averages of several measurements. All of the data are shown in Parts B and C. B) Vertical distribution of paleocurrents in meters, with respect to base of section 13. Note break in vertical axis between 60 m and 140 m. Solid vertical lines represent circular means of data for which sense of flow is known, calculated for the inferred fluvial interval bearing the Hunter Mountain clasts and for overlying and underlying lacustrine intervals. Note that lacustrine data below surface C in section 8 plot at the same elevation as some fluvial data above surface C in other sections. Measurements for which the sense of flow is not known are shown as two points (180u apart), with a black symbol for the point within 180u of the crossstrata mean and a gray symbol for the other. For symmetrical ripples and for channels in basal breccia and sandstone, circular means are shown by two dashed lines, and the black and gray symbols are divided by proximity to those lines. Laser range-finder measurement (diamond) is from surface J. C) Paleocurrent directions and circular means separated by type of paleocurrent indicator and by vertical interval. Means and standard deviations were calculated following Mardia (1972) , after separating the indicators specifying sense of flow from those that do not. In each rose diagram, n is number of measurements and ''bin max'' is the greatest number of measurements in a single 10u bin. The radius of each shaded slice is proportional to the square root of the number of measurements in a bin. (Area scales with number of measurements.) Bins are defined so that a measurement of 20u, for example, falls into a 20-29u bin, not an 11-20u bin. Mean and standard deviation for all data in each plot are shown by black arrow and gray arc. Means for specific vertical intervals are shown by the white arrows. ''HM'' refers to the mostly fluvial interval containing Hunter Mountain clasts. Interval-specific means are not shown for rose diagrams in which all data are from a single interval or for measurements of trough cross-strata in cross section, for which only a single measurement (directed 090u) was made outside the ''fluvial (HM)'' interval (in the ''lower lacustrine'' interval). There is only a single measurement from parting lineations (136u/316u, in the ''lower lacustrine'' interval), and it is the only measurement from that interval in the ''sense of flow unknown'' diagram. integration over longer timescales than small-scale features (e.g., crossstratification, scours, grooves, and current ripples).
The flow is consistent with a source of sediment in the Cottonwood Mountains to the west-northwest. Given the modest size of the Eagle Mountain outcrop, however, it is not possible to distinguish any regional pattern from features of local paleogeographic significance or the possible effects of vertical-axis rotation. The local significance of the data is to show that channels are mostly oblique to the north-northeast strike of the outcrop. This is relevant to the assessment of stratigraphic geometry because the perceived aspect ratio of any erosional feature (Figs. 4 , 5B, 11) is strongly influenced by whether its exposure is predominantly crosssectional or longitudinal.
The breccia-sandstone facies is also interpreted as fluvial or fluvially influenced, but with a mixing of far-traveled, siliciclastic sand and locally derived, angular clasts of carbonate from valley walls. This interpretation is supported by the presence of cross-stratification and smaller-scale channelization (Fig. 9A-C) , although they are not as common as between surfaces C and K. It is also consistent with the erosional relief on surface A.
Fine-grained sandstone, siltstone, diamictite, and carbonate facies, best developed immediately below surface C and above surface K, are inferred to be lacustrine. This interpretation is supported by the generally fine grain size, abundant tabular event layers and local thin turbidites, load and soft-sediment foundering structures, tufa, and a fish fossil. Noble (1941) also found freshwater fish fossils in correlative strata near Furnace Creek Wash, although the correlation is not definitive because the precise stratigraphic level and geographic location of the fossils is unspecified. The abundance of sandstone, albeit mostly fine-to very fine-grained, as well as the presence of trough cross-stratification, wave ripples, and tufa are consistent with a relatively nearshore setting. In places, the event layers are reminiscent of delta front. Nonetheless, we did not find welldeveloped examples of coarsening-and thickening-upward successions in these intervals. It is also possible that the coarser and more commonly cross-bedded strata at the top of the section represent a return to fluvial conditions (Niemi et al. 2001) , although thick carbonate units are still common. The limited outcrop there makes it difficult to evaluate this possibility in terms of stratigraphic architecture. Disorganized diamictite found at a single level beneath surface B (Fig. 5B ) is thought to represent subaqueous mass wasting and mixing of fluvially derived extraformational clasts, intraformational siltstone and sandstone blocks, and lacustrine mud. Paleocurrents above surface K show considerable variability. This is inferred to reflect paleogeographic variations near the shoreline, variations in the trajectory of wind-driven currents, and the relatively low lake-floor gradient.
SIGNIFICANCE OF STRATIGRAPHIC DISCONTINUITIES
Most of the mapped stratigraphic discontinuities (C, D, and G-J) are characterized by erosional relief and abrupt upward coarsening, and in the case of surface C, by a change from confidently interpreted lacustrine siltstone, sandstone, and diamictite to fluvial conglomerate and sandstone. The lacustrine deposits at that level are inferred to have been subaerially exposed and incised. They do not shoal upwards into fluvial facies. Among possible origins for the inferred subaerial degradation are tectonic tilting, climatically induced lake-level changes, and, with the exception of surface C, reorganization of the fluvial system. We hypothesize that tectonic tilting in an extensional setting may have involved deepening and narrowing of a hydraulically closed lake against a basin-bounding normal fault, with concomitant subaerial erosion at updip locations (e.g., Schlische 1991). Climatically induced lake-level changes and fluvial reorganization are also plausible given that observed cyclicity between surfaces C and K is well within the Milankovitch timescale band for orbital forcing (, 100 ky on average; e.g., Hinnov 2000) . Surfaces K and N are different. They are more or less concordant with underlying and overlying strata and are characterized by upward fining from conglomerate to sandstone and siltstone (K) or a change from siliciclastic to carbonate sedimentation (N). Both tectonic and climatic explanations can again be contemplated for this marked deepening of the paleoenvironment.
COMPARISON WITH PREVIOUS INTERPRETATIONS
The paleoenvironmental interpretations presented in this paper depart significantly from those of Niemi et al. (2001) primarily because we have placed greater emphasis on stratal geometry, three-dimensional facies arrangements, and grain-size variations within discontinuity-bounded intervals (Fig. 8) . The interpretations of Niemi et al. (2001) at Eagle Mountain are based on a single composite section (their table A1 and fig. 2 ), and on generalized outcrop-scale descriptions of lithology and sedimentary structures, without reference to the systematic patterns documented here in the critical interval containing Hunter Mountain clasts.
Disorganized and Parallel-Stratified Deposits
Disorganized breccia and conglomerate, found preferentially at the base of the Eagle Mountain Formation (Fig. 5A) , between surfaces I and K, and locally between surfaces C and I (Figs. 5B, 8) , display some of the features associated with mass-flow deposits. Much of the succession is well stratified, however. So the significance of disorganized beds is at best ambiguous.
Comparable disorganized and parallel-stratified conglomerate and sandstone as well as their unlithified equivalents have been documented in modern and ancient fluvial deposits, especially those in which deposition was accompanied by large fluctuations in discharge (e.g., Rust 1972; Smith 1974 Smith , 1990 Kraus 1984; Rust and Koster 1984; Levy et al. 1994; Collinson 1996) . In the Eagle Mountain Formation, lithology varies more or less continuously between end members. We find little evidence for the ''rhythmic'' alternation (Blair 1999a (Blair , 2000 that is the hallmark of sheetflood couplets and sandskirts (e.g., Gloppen and Steel 1981; Blair and McPherson 1994a) . FIG. 8 .-Distribution of facies at measured sections above the basal breccia-sandstone interval (modified from Figure 5 ). ''Other sandstone'' includes units that are insufficiently exposed to categorize with confidence or that are of transitional character.
Clast Angularity
Angularity is similarly nondiagnostic or inconsistent with an alluvialfan interpretation. Basal breccia clasts are angular and of local provenance because they were derived by mass wasting from subMiocene topography. Clasts in polymictic conglomerate at higher stratigraphic levels, especially clasts derived from the Hunter Mountain batholith, are generally well rounded. This contrasts with typical alluvialfan deposits, and is consistent with deposition in a braided river. The marked change in the character of the Eagle Mountain Formation , 140 m above the base corresponds with the burial of erosional relief.
Cross-Stratification
The abundance of cross-stratification between surfaces C and K (Fig. 5B) is unexpected for alluvial fans. Alluvial fans are dominated by   FIG. 9. -A) Lenticular, diffusely stratified breccia in basal breccia-sandstone unit. Arrowhead shows pinchout of lens. B) Cross-stratified breccia (, 10 m from base of section 12). Arrowheads show orientation of cross-strata. C) Cross-stratified sandstone within breccia-sandstone facies (, 15 m from base of section 1). Scale markings are inches at top and centimeters at bottom. D) Cross-stratified sandstone (near section 3). E) Conglomerate with interbedded sandstone (above surface I, section 3). F) Structures within inferred event layer above surface K: in stratigraphic order, these include parallel lamination (P), cross-lamination (C), and lower-relief, wavy lamination (W).
sheetfloods and debris flow McPherson 1994a, 1994b; Els 1998) , processes not normally associated with downstream-migrating bedforms. Cross-stratification is found in feeder valleys and associated channels (e.g., Gloppen and Steel 1981; Blair 1987b) , but not over much of the fan surface. Niemi et al. (2001) interpreted cross-stratification in the Eagle Mountain Formation as sheetflood antidunes. This was based on crossstrata dipping in the same direction (south to south-southwest) as ''18 well-defined a-b plane fabrics from conglomerates'' (p. 427). Clasts at Eagle Mountain, however, are typically equidimensional. In our experience, imbrication is both rare and not readily quantifiable. Our measurements of cross-strata and current ripples, as well as channels, scours, and grooves (Fig. 6) , consistently provide no support for northdirected paleoflow. Most importantly, we find no evidence for the presence of antidunes. The geometry, scale, and abundance of the structures in question indicate that they formed under lower-flow-regime conditions (cf. Middleton 1965; Hand et al. 1969; Blair 1999a ). This conclusion is unsurprising. Antidunes are poorly preserved in natural settings, and found mainly in association with parallel stratification (Simons and Richardson 1966; Hand et al. 1969; Blair 1987a Blair , 1999a Blair , 2000 Blair and McPherson 1994a) .
Abundance of Channels
The fundamentally channelized geometry of coarse-grained deposits in the Eagle Mountain Formation is at odds with the unconfined nature of alluvial fans (e.g., Ballance 1984; Nemec et al. 1984; Smith 1990; Els 1998) . Alluvial-fan deposits are typically sheetlike (e.g., Nemec et al. 1984; Rust and Koster 1984; Blair 1999b Blair , 2000 Blair and McPherson 1994a; Martins-Neto 1996) . Channels in steady-state fans are limited to feeder valleys; local erosional modifications of the fan surface, particularly through headward erosion from fault scarps; and/or a single trough that directs flows to the active part of the fan (Blair 1987a (Blair , 1999a (Blair , 1999b McPherson 1994a, 1994b) . The processes responsible for those channels do not result in net deposition, and ''flows related to aggradation on fans invariably become unconfined'' (Blair and McPherson 1994a, p. 454; Blair and McPherson 1994b; Blair 1999a ).
Grain-Size Trends
The well-defined pattern between surfaces C and K-discontinuitybounded upward fining at a scale of meters to tens of meters-is the opposite of that expected for steady-state fans: upward coarsening at multiple scales, resulting from radial progradation and lobe development (e.g., Steel et al. 1977; Heward 1978; Gloppen and Steel 1981; Rust and Koster 1984; Blair 1987a Blair , 1987b Gawthorpe et al. 1990; Gordon and Heller 1993; Dill 1995; Kemp 1996; Ló pez-Blanco et al. 2000; Clevis et al. 2003) . Although upward fining can arise through lobe abandonment (e.g., Gloppen and Steel 1981; Martins-Neto 1996) , it is unlikely to dominate the succession in the manner displayed by the Eagle Mountain Formation.
DISTANCE AND GRADIENT OF SEDIMENT TRANSPORT
If the deposits between surfaces C and K are predominantly fluvial, Hunter Mountain clasts as large as 1 m could have traveled several tens of kilometers or more from their source down a gradient of as little as a fraction of a degree (Blair and McPherson 1994a) . Gravel as coarse as the Eagle Mountain conglomerate beds has traveled such distances along both modern and ancient rivers in orogenic to post-orogenic settings (the general state of the Death Valley area in the middle Miocene). Although the following examples may be diverse in catchment size, gradient, sediment caliber, discharge, climate seasonality and aridity, etc., they show that the coarseness of the Eagle Mountain clasts does not by itself preclude long-distance transport. Gravel-bed rivers sourced in the Southern Alps of New Zealand today span the entire Canterbury coastal plain-a distance of . 40 km in the case of the Waimakariri, which enters the Pacific Ocean north of Christchurch. Janecke et al. (2000) found pebble to boulder conglomerate ''in most segments of the [Eocene] Lemhi Pass paleovalley,'' which is over 100 km long (p. 440). One tract of the paleovalley, with boulders , 3 m in diameter, is . 65 km from the nearest source. Clasts as large as boulders were transported . 100 km in a Paleogene braided river in Wyoming (Kraus 1984) , and cobbles , 200-300 km in an Eocene river system in southern California (Steer and Abbott 1984 ). An Early Cretaceous river system in Wyoming, Utah, and Colorado distributed gravels over a distance of 600 km (Heller and Paola 1989) .
River gradients of , 0.5u are sufficient to transport boulders for long distances in appropriate settings (Blair and McPherson 1994a) . Cobbles . 20 cm are transported down the Waimakariri River, in New Zealand, from an elevation of 200 m to sea level at an average gradient of 0.26u (Land Information New Zealand 1997; N. Christie-Blick, unpublished observations) . Modern Himalayan streams are somewhat steeper for distances of up to several tens of kilometers. The Bhagirath-Ganges and Tista Brahmaputra, for example, both have slopes . 1u for , 100 km (M.E. Brookfield 1998 and unpublished data; Lavé and Avouac 2001) .
The overall conclusion to be drawn from these examples is not that the Eagle Mountain deposits represent any particular distance of transport or topographic slope. Neither the scale nor the character of the Miocene river system is well constrained, because available outcrop represents only a small erosional remnant of the original stratigraphy. The Himalaya and South Island, New Zealand, may also not be ideal analogues for a dissected orogen just beginning to undergo extensional deformation. Nor are their high seasonal rainfall and discharge necessarily representative of the Eagle Mountain Formation. The significance of the quoted examples is that the presence of large clasts in the Eagle Mountain Formation does not by itself imply ''proximal'' sedimentation. Niemi et al. (2001) recognized as much. Referring to both the local clustering of conglomerate clasts and the presence of plagioclase-rich sandstone in the Eagle Mountain Formation, they nevertheless found it ''difficult to envisage a drainage system 100 km long that would consistently deliver coarse detritus from the southern Cottonwood Mountains to the Resting Spring Range without contamination from other parts of the drainage system'' (p. 434). This assertion can be challenged on several grounds. (1) Much of the material in the Eagle Mountain Formation cannot be matched with a specific source, derived as it is from a Proterozoic-Paleozoic sedimentary wedge of regional scale. Although the remnants of that geology as well as other Cenozoic deposits vary between mountain ranges in the area today, the paleogeography in the middle Miocene is largely unconstrained. Little is known about the topography and drainage configuration at the time, as well as which rocks were exposed. (2) There is specifically no known source in the Cottonwood Mountains for metamorphosed igneous clasts observed at Eagle Mountain and in the Resting Spring Range outcrop. (3) Clustering of Hunter Mountain clasts is observed only locally in the Resting Spring Range exposure, and not at all at Eagle Mountain. Admittedly, the existence of any clustering is intriguing and its origin is not obvious. Nonetheless, it is explicable perhaps by rare mass wasting events in the vicinity of the batholith, a comparatively low sediment flux from tributaries (Rice 1998) , or incomplete mixing of that sediment once it entered the main drainage (Bradley et al. 1972) . Much depends on whether the streams involved were equilibrated (Cawood et al. 2003) . Whatever the case may be, we do not think that clustering represents a sufficient basis for inferring that the Eagle Mountain Formation accumulated adjacent to the Hunter Mountain batholith. Given that there must have been some crustal extension across the Death Valley region, and conceivably quite a lot of extension, sediment transport need not have been as great as 100 km for Hunter Mountain material to be found today on the east side of the Resting Spring Range. It is also not necessary for transport in a river system to have exceeded the 20 km maximum advocated by Niemi et al. (2001) . Our point is that the direction and magnitude of extension are unconstrained by the Eagle Mountain Formation. The distribution of Hunter Mountain clasts may instead represent the approximate locus of a proposed southeast-flowing mid-Miocene drainage, along what is modern-day Furnace Creek Wash and beyond Wright et al. 1999) . The decision by Niemi et al. (2001) to retain separate names for the Navadu and Eagle Mountain . The exposure at Eagle Mountain subdues the aspect ratio of channels: the oblique view increases apparent channel width, and beds are tilted away from the observer on a gently sloping hillside, reducing apparent thickness as projected into a vertical plane. B) Method for projecting points. Vertical coordinate in Part A is equal to vertical distance reading from laser range finder. Horizontal coordinate in Part A is derived from horizontal distance, azimuth, and simple trigonometry, using outcrop azimuth of 027u for orientation of the figure plane.
formations was prescient, in retrospect, particularly their reasoning that the formations may have been deposited in separate settings.
LOCAL DEFORMATION
The Eagle Mountain Formation at Eagle Mountain is structurally simple. However, the presence of minor faults and folds and crosscutting conglomerate bodies influences perceptions of the overall succession, lateral relationships, and stratigraphic development. So these features are summarized briefly here, with details to appear elsewhere.
Normal, reversed normal, and oblique-slip faults cut the stratigraphy with up to 34 m of separation (Figs. 3, 5 ). They are characterized by fractures, breccia, possible gouge (now lithified), slickensides, and open folds centimeters to a few tens of centimeters in amplitude. The timing of faulting is not well constrained. Nonetheless, the lack of evidence for stratigraphic growth against or across mapped faults or for overlap by younger strata suggests that most or all of the deformation postdates deposition. Measured attitudes for faults vary, though with a preferred strike of either north or east-northeast after tilt correction. Most prominent in terms of offset and length are the reversed normal faults a and b (Fig. 3B) . Anomalous compressional faults and folds observed in the vicinity of surface C south of section 8 (Fig. 3B) are of uncertain origin but perhaps are related to the nearby eastward termination of the Furnace Creek strike-slip fault zone ( Fig. 1; Ç emen et al. 1985; Snow and Wernicke 2000; Miller and Prave 2002) .
Five irregularly shaped, internally disorganized, crosscutting bodies of pebble conglomerate (Fig. 3B ) are inferred to represent tectonically induced fissures filled episodically from the top, as opposed to injections. This interpretation is supported by lithological similarities preferentially with overlying strata rather than underlying strata, and by locally developed internal layering. It is also difficult to account for the development of sufficient overpressure for the large-scale injection of gravel in an extensional tectonic setting, and in sandy sediments deposited on fully lithified carbonate rocks.
CONCLUSIONS
A sedimentological and stratigraphic re-evaluation of the middle Miocene Eagle Mountain Formation at Eagle Mountain, California, indicates that deposition took place in a fluvial-lacustrine setting. The result is important because the presence of clasts as large as boulders derived from the Hunter Mountain batholith of the Cottonwood Mountains, combined with an alluvial-fan interpretation for the conglomerate in which the clasts are found, has been regarded as providing definitive, independent support for long-hypothesized, largescale crustal extension across the Death Valley region (e.g., Snow and Wernicke 2000) . In particular, those findings were presented as corroborating the magnitude of extension suggested by structural reconstructions and as restricting the timing of it to post-11 Ma (Niemi et al. 2001) . If the boulders were transported to their site of deposition by rivers, then deposition was not necessarily close to the source and subsequent tectonic transport cannot be discriminated. While our study has no direct bearing on the other evidence underpinning palinspastic reconstructions, those reconstructions involve inherent uncertainties in the correlation and pre-extensional configuration of markers that the Eagle Mountain piercing point appeared to circumvent. A definitive measure of extension across the central Death Valley corridor, then, depends on the resolution of existing ambiguities in the correlation of preextensional markers (e.g., Snow and Wernicke 2000) or on the recognition of demonstrably proximal sedimentary facies tectonically distributed across the region (e.g., Topping 1993).
Mineral cooling ages of Late Cretaceous age have been cited as evidence of extensional deformation in the Death Valley region at that time (e.g., Applegate and Hodges 1995) ; however, Oligocene strata in the Grapevine and Funeral mountains preserve the oldest unambiguous evidence of upper crustal deformation (e.g., Saylor 1991) . Although extension may have begun locally as early as the Oligocene, predominantly late Miocene and younger deformation is consistent with patterns of tilting that are unchanged by a reinterpretation of the sedimentology of The existence of those surfaces, the prevalence of channelization and cross-stratification, the presence of systematic upward fining at a range of scales, and the predominance of rounded clasts in conglomerate provide the key evidence for the fluvial interpretation. Evidence for stratigraphic growth towards the north-northeast in this same interval, and referenced to the same surfaces, is consistent with the existence of a fault transverse to the possible basal paleovalley and north of available outcrop. Growth has not been recognized at other stratigraphic levels, or in association with mapped faults. (3) Paleocurrents are generally directed between southward and eastward, and not to the north and east, as previously reported. This conclusion is based on 180 measurements of cross-strata, ripples, and various erosional features. North-directed flow, inferred on the basis of clast imbrication and purported antidunes, is not consistent with our data. (4) The overall thickness of the Eagle Mountain Formation at Eagle Mountain is greater than previously thought (, 400 m versus , 300 m). Much of the difference relates to the thicknesses of the basal breccia and an upper interval of mainly lacustrine sandstone and siltstone (also , 140 m). The revised estimate, based on several overlapping sections, also accounts for stratigraphic attenuation by previously unrecognized faults that cut obliquely through the outcrop.
